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SUMMARY 


The LDEF was retrieved from Earth orbit in January 1990 after spending almost 6 years in space. 
It had flown in a near-circular orbit with an inclination of 28.5 degrees. Initially the orbit altitude was 
approximately 257 nautical miles; however, when the LDEF was retrieved the orbit altitude a 
decayed to approximately 179 nautical miles. The LDEF was passively stabilized about three axes 
while in free P flight, making it an ideal platform for exposing experiments which were measuring , t 
TvSinments of near-Earth space and investigating the long-term effects of these environments on 
spacecraft. This paper presents a brief overview of the encountered environments that were o 
interest to the LDEF investigators. 


INTRODUCTION 


National Aeronautics and Space Administration (NASA), Department of Defense (DOD), and other 
government agencies need accurate knowledge of the near-Earth space environments and the effects 
of these environments on spacecraft to efficiently and reliably implement iheir space projams. 
Uncertainties for example, in our current knowledge of the man-made debris, the natural meteoroid 
or the radiation environments, and the effects these environments can have on spacecraft t^ 
the installation of thousands of pounds of unnecessary shielding on spacecraft such as Space S tation 
Freedom. An even more critical concern, however, is the fact that the uncertainties in our curre 
knowledge of these same environments and their effects may also result in the development of 
spacecraft that will fail to accomplish their mission objectives. This would result in the loss of large 

national investments. 

Accurate knowledge of the space environments is also highly desirable science to better understand 
the origin and evolution of our universe. 

In-space experiments are a necessary part of research programs to define *e enviroi nments of 
s D ace and in many cases are also a necessary part of research programs to define the effects ot these 
environments on spacecraft. For example, the effects of atomic oxygen 
hypervelocity meteoroid and debris impacts on spacecraft cannot be very well simulated in the 
laboratory The effects of other environments such as reduced gravity and the synergistic effects of all 
of the environments found in space are impossible to study in the laboratory; they can only be studied 
with in-space experiments. The LDEF was developed to provide opportunities for these types ot 
needed in-space environment and environmental effects experiments. 
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The environments that were of most interest to the Principal Investigators of the LDEF experiments 
were atomic oxygen, ionizing radiation, natural meteoroids, man-made debris, ultraviolet (UV) 
radiation, vacuum, and the very low gravity. This paper provides a brief overview of these 
environments as they are defined in pre-LDEF influenced models. The contributions from individual 
i?? ex P enments t0 our knowledge of these environments, and to our knowledge of the effects of 
° n spacec ™ ft ’ have been and wil1 continue for some time to be reported by the 

respective LDEF experiment Pnncipal Investigators in various publications. In a few cases Y 

however, early reported significant contributions from LDEF experiments to the definitions of these 
environments are noted in this paper. ese 

It is the intent of this paper to provide the reader with an introductory composite picture of the 
momh™ S i n orbit ' * W LDEF “ d experiments encountered fo? the pronged 69 


BACKGROUND 


DEF Wa , S launc , hed T Earth ° rbit in April 1984 at a time of near-minimum activity in the 
Sun s 1 1 year solar cycle^and it was retrieved almost 6 years later in January 1990 at a time of near- 
maximum solar activity. The variation in the 10.7cm radiation levels overtime mission lifrfs shown in 
figure 1 The widely varying levels of solar activity, which were monitored by the 10.7 cm radiation 
b / f '° unts ° f solar fl^es and Sun spots, and by measurements of the geomagnetic index, had a major 
effect on the near-Earth space environments encountered by the LDEF and the onboard experiments 


10.7 cm Solar Flux 



Fig. 1.- Solar activity as indicated by the 10.7 cm flux recorded during the time of the LDEF mission. 


h DEE S - Stay ,, in space ’ b ^ ew in a circular orbit having an inclination of 28.5 degrees The 
orbit altitude was initially approximately 257 nautical miles. When the LDEF was retrieved the orbit 

badde . caye , d to a !} altltud e of approximately 179 nautical miles. The history of the decay of the LDEF 
orbit altitude is illustrated in figure 2 (ref. 1). y 
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Altitude (nmi) 



Fig. 2.- LDEF orbit altitude history. 


"The LDEF is falling !" 


240-1 



RETRIEVAL 

Launch 01/08/90 
Capture 01/11/90 


March 1 , 1 990 


March 9, 1990 
NOAA "Feb" & 90% 


Fig. 3.- The LDEF predicted lifetime. 
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thJ!w R ° n and '! ta , blhty of LDEF was such that it had a constant drag coefficient throughout 
the mission. Secause of the constant drag coefficient, the LDEF tracking data obtained by North 
mencan Air Defense Command (NORAD) and the measurements of the solar 10 7 cm radiation and 
t^e^nFP ndeXCS ° btai ?! d by , the National Oceanic and Atmospheric Administration (NOAA) during 
he mpr mi K S1< ? n , Can ** used t0 generate a unique set of measurements of the atmospheric density at 
h ,^ EF orbltal a l t “ ude as a faction of solar activity from solar minimum to solar maximum This 
data set can be used by atmosphenc scientists to check the current models of the Earth's upper 
atniosphere and its response to solar activity and to guide revisions in the models if necessary 
Accurate models of the atmosphenc densities are critical to the design and operation of largeprecision- 
pointing spacecraft such as the Hubble Space Telescope and Space Station Freedom P 

arlrefl^cK 1 ' ^h^LDFF ^1 Ht.T A?™ ‘ n the atmos P heric density with changes in the solar activity 
changing SvTy y preSCnttd ” fi 6 ure 4 < ref ' 2 > » Period of rapid]y 


nmi. Month 



Fig. 4.- The LDEF orbit decay rate as a function of time during a period of rapidly changing 

activity. " 


•n T ^. e , L ? EF f- WaS P assivel y ^ stabilized about three axes while in free flight. Its orientation as 
illustrated in figure 5, remained essentially such that one side always faced east in the direction of 
travel (velocity vector), one side always faced west in the trailing direction, and two sides were 
para el to the velocity vector (one facing north and one facing south). One end of the LDEF always 
faced essentially toward the center of the Earth and the other end always pointed away from the Earth 
into deep space. Postflight observations of the LDEF surfaces* haveVeveTd^at the Sty 
actually flew with a slight yaw (the most eastward LDEF face was canted 8 degrees toward the 
north), and the LDEF had a veiy slight pitch (the space end of the eastward facfwas also canted 
fornard approximately 2 degrees). The postflight observations have also revealed that the facility late 
n the mission, had essentially no oscillations about any of the three axes. The facility may have had 
some slight slow oscillations for a brief period just after it was deployed. Y Y 

* Private communication from Bruce Banks, NASA Lewis Research Center, Cleveland, Ohio. 
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North 

A 



Fig. 5. - LDEF orientation. 


Since manv effects of the environments of space are orientation or velocity-vector dependent ^ 
feature. 


ATOMIC OXYGEN 


=ih^ 

the solar UV radiation, and the Earth's magnetic index. The 10.7 cm solar tluxtrig-ijis uscu 

JpresiSi^^^ 

SSlS 

was almost two orders of magnitude greater than the flux encountered early in the mission. 

The thermal velocity of the atomic oxygen in near-Earth space , i: Sees of 
velocity of the LDEF and, for that reason, the atomic oxygen total fluence °" * e ff 1 ® 

the LDEF was much greater than that on the trailing surfaces. Figure 7 shows ^alculate d 

because of the slight yaw in the LDEF orientation. 


♦See footnote on previous page. 


53 


(number per cm per sec.) 



Fig. 6.- History of atomic oxygen fluence on LDEF leading surfaces. 


1.20 xIO 21 



8.40E+21 atoms per sq. cm. 


Fig. 7.- Calculated distribution of the total atomic oxygen fluence on each of the LDEF surfaces. 
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IONIZING RADIATION 


predicted trapped proton integral fluence for the LDEF is presented m figure . 

The geomagnetically trapped electrons dominated the LDEF surface absorbed radiation dose. The 
integral fluence of the trapped electrons on the LDEF is presented in figure 9. 



Fig. 8. - Predicted integral fluence of trapped protons striking the LDEF. 



Fig. 9. - Predicted integral fluence of trapped electrons striking LDEF surfaces. 


Primary ionizing passive radiation detectors were included in 15 of the LDEF experiments and 
these detectors along with postretrieval measurements of the induced radiation in LDEF materials have 
and will continue to provide valuable information for refining the current models of the Stion 
environment near Earth and the calculations of the ionizing rfdiation the LDEF acamlly r^ewed 
Measurements of the induced radioactivity in selected aluminum experiment tray clamps fmm the 
LDEF have, for example, confirmed an anisotropy situation in the trapped protons in the South 

LDEF surfaces received a higher trapp ^ proton ^d 


NATURAL METEOROIDS AND MAN-MADE DEBRIS 


Hphn e Q^ Urrent t m0delS whlcl l are m ° st frequently used to predict natural meteoroid and man-made 
debris impacts on spacecraft are shown in figure 10. 



Fig. 10,-The most frequently used models for predicting meteoroid and man-made debris impact 

fluxes as a function of particle size. 


Based on these models the largest man-made debris particles or the largest natural meteoroid 
particles one should expect to have impacted on the LDEF would be approximately 5 mm in 

retriwed^^'K ai11Cl ^ th i S S1Ze H S C ° n r ent With the size of lar gest craters observed 
LDEF - ?! ese mode . ls also indicate that m the particle size range from approximately 
h 2mm more of the impacting particles would have been natural meteoroids rather than man- 
made debris. In the size range less than ,02mm in diameter, the models indicate that man-made debris 
particles should have dominated the impacts. 

The man-made debris model includes an assumption that the small debris particles are in orbits 
s.milar to the orbits observed for the large trackable Earth orbiting debris objects. SsLZL 
means that debris particles would have impacted primarily on the leading surfaces of the LDEF and 
iha. no debris impacts should be expecled on the trailing LDEF surfaced (So^fh SSL 
debris residue in them, however, have been found on the trailing LDEF surfaces). 
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The model for the natural meteoroids assumes <hey W^cMhe toh ™f°^°™f means 

SaS^^ 

generally consistent with the distribuDon of the craters found on the L ). 

The Interplanetary Dust Experiment which was flown on ^^EFJiad 

mounted around the LDEF such that they ace e , > sens i’tive of the two types of detectors 

toward deep soace The mpact counts recorded by the more sensitive 01 uic iwu /F 

Zwn in this experiment during the first year in orbit are presented in figure 1 l.t 


• Detector Arrays 



DETECTOR ARRAY MOUNTED 
ON EARTH SIDE OF LDEF 


Mounted on 6 Sides of LDEF 



EAST 

LEADING 

SURFACF 

4540 

IMPACTS 


FLUX COUNTS FROM 4,000 ANGSTROM 
TFIICK MOS DETECTORS 


Fig, 1 1 . Distribution of impacts counted by LDEF .MM Dm Experiment detectors mounted 
® nn the resnective sides or the iaciiity. 


1 Private communication from J. Derral Mullholland, Institute for Space Science and gy 

Gainsville, Florida. 
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Fig.- 12. Distribution of impacts counted by LDEF Interplanetary Dus. Experiment detectors as a 

function of time during the first year in orbit. 


SOLAR FLUX 


69m", Periods of rime during the 
varied from 10 percent lo25S^S:^S ! S"¥ 0,, °I ,nd,vldu . al surfaces on the facility 
orbit varied as the angle between the Sun’s illumination c ^ muIative illumination time per 

™e minimum cumulfrive liEato c^tSZ ° f 
and the maximum occurred when the I DFF nrKit r.i UEF orbit plane was in the ecliptic plane, 

(see fig. 13). 6 LDEF ° rblt plane was at the maximum inclination to the ecliptic 


VACUUM 


individual LCffiF'sOTSaSaTany ^ S^^nB'wSdSenrif?™ 31 h 0I V }!SJ x,lecular density adjacent to 
activity, and rite oriental ' £ff DI F 0rbital al,itude ’ '"e »lar 
increased as the altitude decreased and th ^ c^i velocity vector. The density 

adjacent to leading surfaces as a result of ram pff* V1 ^- lr \ crease< ^- density also built up 
a result of wake shielding effects 60 S ’ 30(1 U diminished adjacent to trailing surfaces as 
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Beta Angle = (p) Angle between the plane ol the orbit and the sun illumination vector. 
Solar Incident = (BTU/Hr-Ft 2 ) Heat due to direct illumination from the sun. 

Albedo = (BTU/Hr-Ft 2 ) Heat due to the portion of the solar incident energy reflected 
from the planet into the LDEF. 

Planetary = (BTU/Hr-Ft 2 ) Heat due to energy emitted from the planet. 


Fig.- 13.- Variation of the Sun's illumination vector with the plane of the LDEF orbit. 

The ambient molecular density along the LDEF orbit was lowest early in the mission while the 
LDEF orbital altitude was above 250 nautical miles and the solar activity was near minimum 
(approximately 1.86 x 107 molecules per cubic centimeter). The predominent molecular species at that 
time were atomic oxygen (approximately 1.56 x 107 molecules per cubic centimeter), and nitrogen 
?s?cond?n Sance y with a density several orders of magnitude lower than the atomic oxygen). 

The ambient molecular density along the LDEF orbit was highest (approximately 6.58 x 108 
molecules per cubic centimeter) late in the mission when the orbital altitude had decayed to 
approximately 179 nautical miles and the solar activity had increased to near-record highs. The 

predominant molecular species at that time was still atomic oxygen (5.42 x 10 mo ecu es per cu ic 
centimeter) and nitrogen was still second in abundance (1.06 x 108 molecules per cubic centimeter). 

The ram effects made the molecular density adjacent to surfaces on theleading side of the LDEF 
a^Sat^S of magnitude higherthan the ambient density. ■ 
reduced the molecular density adjacent to surfaces on the trailing side of the LDEF mc * re tnan 
ofr magnitude. The molecuJ densities presented above were calculated using the model described 
Smithsonian Astrophysical Observatory Special Report 375 (ret. ). 


GRAVITY/ACCELERATIONS 


The LDEF experiments were exposed to very low accelerations during the mission since the facility 
was passively stabilized and there were no systems on board to generate vibrations or shocks. The 
acceleration level at the center of the LDEF remained less than 10-7 g - s throughout the mission. 
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CONCLUDING REMARKS 


The LDEF flew in an orbit veiy similar to the orbits planned for many future near-Earth orbiting 
such as , th ^ Space Station Freedom and the Earth observation satellites. Therefore the 
*T? EF encountered the same environments as these future spacecraft will encounter, and the data 

spacecraft 01 ^ L ° EF ex P enments and hardware will be directly applicable to the design of these 

As stated in the introduction to this paper, the current uncertainties in a number of the near-Earth 
environments are a concern in the development of these future spacecraft. With the knowledge gained 
fnpp H dyS1S °[ thC LDEF data ’ * ese current uncertainties can be appreciably reduced. Whe § n the 
° n Trents of space and the effects of these environments on spacecraft are 
completely analyzed and placed in accessible data bases, it will be obvious that the LDEF mission has 
provided Produce Assurance for many of the future space missions. 
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